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WITHSEVERALINLETBOUNDARYLAYERS

ByDamielFriedmanad WillardR.Westphal

SUMMARY

An experimentalinvestigationwasconductedinordertodetermine
theperformanceof a 90°cascadediffusingbend,with’an arearatioof
1.45:1,a 19-by 19-inchinlet,andfiveinletboundarylayers,vwfig
froman approximateover-allthicknessof1/4inchanda shapeparam-
eterof1.22to anapproximateover-allthicknessof ~ inchesand

a shapeparsneterof1.67. TestsweremadeatinletMachnunibersup to
0.41andatReynoldsnumbers,basedonthecascadeairfoilchordof
4 inches,offrom330,000to 950,000.

Thediffusereffectivenessvariedfromabout0.74forthetestswith
thethinnestinletboundarylayertoabout0.19forthetestswiththe
thickestinletboundarylayer.Thetotal-pres~-losscoefficientfor
thetestswiththethinnest.inletboundarylayerwasaboutO.11and
increasedto about0.24forthethickestinletboundarylayer.

Thetotal-pressure-losscoeffidnentof thecascadediffusingbend,
forthethickinletboupdaryrange,wasfoundtobe aboutequaltothe
coefficientobtatiedfora vauedbendwithoutanydiffusion.Thisresult
indicatesthat,whena ductcotiigurationrequiresa vanedbend,a certain
amountof diffusioncanprobablybe obtainedwithoutan appreciableincrease
intheener~ losses.Inaddition,whenlengthisimportaut,thisconfigu-
rationismuchshorterthantheusualdiffuser-bendcombination.

INTRODUCTION

Theusualapproachinthedesignofinternal-flowsystemswhich
, re’quireefficientdiffusionandturningoftheflowisto selecta small-

included-anglediffuserfollowedby a vanedbend. Sincethelossesin
thebenddependuponthevelocityof theflow’enteringthebend,asmuch
diffusionasisfeasibleis accomplishedinthe”diffuserbeforetheflow
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entersthebend. Inwind-tunneldiffusers,aircraftductsystems,and
simihr app~cations,however,avaihblespace~~ts thelengthofthe
diffuser.Forsuchapplications,theachievementof efficient~ff~ion
andturningbecomesdifficult.

Ifveryshort&Lffusersarenecessary,boundsry-layercontrolcan
be usedto improvetheperformanceofthediffuser.Thistypeof config-
uration,however,requiresauxiliaryequipment.Someworkhasbeendone
ondiffusingandturningtheflowina cascade.Cascadestudiesof com-
pressorbladesinporous-walltwo-dtiensionslcascadetunnels(refer-
ence1)showthatefficientturningcanbe obtainedforturningangles
up to300.Reference2 showsthat,withnodiffusion,turningangles
ashighas 110°havebeenobtainedwithoutincurringprohibitivelosses
intotalpressure.On thebasisoftheseresults,theuseofa c=cade-
typediffusingbendseemedworthyof consideration,eventhou@ no infor-
mationwasavailableontheperfommnceof a 900 diffusingbendandeven
thoughthepresenceof anappreciableinletboundarylayerwasexpected
to increasethetotal-pressurelossesandreducethestatic-pressure
rise. Theprospectofobtainingsomediffusionina right-angledbend
wasattractiveenoughtowsrrsntstudyandan investigationof theper-
formanceofa cascadediffusingbendwasundertaken.Theconfig-
urationselectedforthisinvestigationwasa right-anglebendwitha
19-by 19-inchinletandanarearatioof 1.45:1. A cascadeof airfoil-s
waslocatedattheplaneofintersectionoftheinletandexitducts.

.
Inorderto determinetheeffectof inlet-boundary-layershapeand

thicknesson theperformanceofthecascadebend,fivedifferentinlet
boundarylayers\mreusedh theinvestigation.Thethinnestinlet
boundarylayerapproximatestheboundarylayerthatwouldbe expectedin
a ductbehinda wingornoseinletwithoutanydiffusion.Thethickest
inletbofidarylayerissimilsrto theboundarylayerthatwouldbe
expectedatthedownstreamendo’fa simplerectangulardiffuserinwhich
theflowwasonthevergeof separatinginthecorners.Testsweremade
atMachnumbersup to 0.41. TheReynoldsnumber,basedon airfoilchord,
variedfrom330,000to950,000,whichiswellabovethecriticalReynolds
numberforcascadeairfoils.(Seereference1.)

SYMEOIS

A totalcross-sectionalareaatstation,squareinches

H two-dimensionalboundary-layer-shapepsrameterforincompres-
sibleflow (b*/e)

ii three-dimensionalboundary-layer-shapeparameterforincompres-
sibleflow (A*/P)
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NACA~ 2668 3

h localtotalpressure,poundsper-squarefoot

P localstaticpressure,poundspersquarefoot

%
localimpactpressure,poundspersquarefoot (h- p)

u

u

v

v

A*

At

5

e

maximumstresmvelocityat sectionunderconsideration,feet
persecond

localvelocityWittintheboundarylayer,feetpersecond

theoreticalvelocity’upstreamof airfoils,feetpersecond

theoreticallocalvelocityon airfoilsurface,feetpersecond

three-&bnensionalboundary-lqerdisplacementarea,square
inches

areaofboundarylsyer,measuredfromwaU, beyondwhicha
negligiblecontributionismadetothevaluesof the A*
and @ integrals,squareinches

boundary-layer

boundary-layer

boundary-layer

local.density,

( )thiclmessat := 0.95, inches
u

displacementthickness,inches

momentumthiclmess,inches

slugspercubicfoot

three-dimensionalboundary-layermomentumarea,squansinches

Subscriptsareusedto denotethestation(fig.1) atwhichthequantim
wasmeasumd,anda bqrabovethesymbolisusedto denotethemeanvalue
atthestationunderconsideration.
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APPARATUSANDMETHOD
I

I

.
Befon enteringthediffusingbend,theairstreampassedfroma

54-inch-diameterductintotwuconvergentsectionswithanover-allcon-
tractionratioof 6.6to1. Thefirstconvergentsectionmadea tran-
sitionfromthe54-iuckdiameterto a 22-inchsquareandthesecond
accomplishedtheremhing convergenceto a 19-inchsquare.Whenneces-
sary,boundary-layer-controldeviceswereinserteddownstreamofthecon-
vergentsectionsandthed3ffus@ bend. A parallel-sidedrectangular
duct10 feet,9 incheslongwasattachedto theexitofthediffusing
bend.A sketchofthetestsetupis showninfigure1.

Cascadediffusingbend.- Thediffusingbendinvestigatedconsisted I
oftworectangularducts,one19by 19 inchesandtheother19by
27.55inches,atrightanglestoeachother,withthecascadeofair- 1
foilsattheirintersection.Forthisductarrangement,thearearatio I
was1.45:1andtheair-inletanglewas55.4°.A photographofthedif-
fusingbend,withtheairfoilspartlyremvedto showtheirlocation,
iS showninfigure2. A sketchofthecascadeis>resentedinfigure3. 1

{
Theproductof soliti@andliftcoefficient,basedon thevelocity

of theenteringair,wascomputedfromthegeometryofthebendanda
momentumanalysisoftheflowtobe 1.48. Onthebasisofprevious I

I
experiencea solidityof 2.0wasselected.At thissolidity,whichWS I

obtainedbyusinga cascadeof15 equallyspacedairfoils,therequired (
bladeliftcoefficientisapproximately0.75,a valuereadilyobtained
h a cascadeof thistype. Thedesiredturningwasobtainedby using
airfoilshavinga mean-linecurvatureof105.5°’(-hducedangleof5° ,
anda deviationangleatthetrail@gedgeof10.5°beingassumed).The
cascadeairfoilprofilesareformedfromtwocirculararcsof different
radiiandcentersto give4-inch-chordairfoilsof approximately10-percent
thiclmess.Theresultingairfoilprofileis showninfigure4. The
cornersofthebendhadthesameradiiasthecorrespondingsurfacesof
theairfoils.(Seefig.3.)

Theflowpatternforthiscascade’wasdeterminedby theuseof the
wire-meshflow-plottingdevicedescribedinreference3 inorderto check
thepeakvelocityandrateof diffusionontheup~ersurface.A photo-
graphoftheflowpatternderivedby theuseofthisdeviceis shownin
figure5, andtheairfoilpressuredistributionthusdeterminedispre- ,
sented.~ figure6. Theestimatedcritic&LMachnumber,basedonthis
pressuredistribution,is0;67.

Boundary-layer-controldevices.- ~ orderto determinetheeffect
of inletboundarylayerontheperformanceof thecascadediffusing
bend,fivedifferentinletboundarylayerswithvaryingthicknessand
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shapeparameterswereusedinthis
boundary-layeTthicknessandshape

investigation.TltLsvariationin
parameterwasobta+nedby using

5’

bourkkqy-layerscreens,boundary-lsyerfences,anda 5-foot-longsquare
duct. Theboundary-layerscreensconsistedof severallayersofbrass
hardwareclothfastenedtoa woodenframe.Squareholesof tifferent
sizewerecutintothecenterofeachlayer.Theboundary-lsyerfences

.
consistedof a numberofL -i?ichsteelrods,spaced1 inchapart,which

4
couldbeprojettedintotheairstreamanydesir&damount.Forsome ‘
tests,a 5-footsectionof ductwasplacedbetweentheboundary-layer
controldevicesandthediffusingbendinlet.TableI givesthedtien-
sionsof thescreensaudtherodsettingsusedinthisinvestigation.
Theboundary-layerparametersforeachtestconditionarepresentedin
tableII.

Thetwo-dimensionalboundary-layerparameterswerecalculatedfrom
thestandardequationsgiveninreference4 andelsewhere.Thethree-
dimensionalparameterswerecalculatedfromthefollowingequations:

JAt
pm? - p udA

o

pu

pu

rAfu dA P
Jo do

.

Forthethinnestinletboundarylayer,noboundsry-layer-contml~
de~ceswereused. Thisboundarylayerapproximatesonethatwouldbe
expectedina ductbehinda wingornoseinletwithoutanydiffusion.
Figure7 showsthescreenandfencesettingusedforthethickestboundary-
layerconfiguration.Thisboundarylayeris similartotheboundarylayer
thatwouldbe expecteddownstreamofa simplerectangulardiffuserinwhich
theflowwasonthevergeof separating’inthecorners.

●

Theflowproperties
figure1. Themassflow

.— .- ...-—

Instrumentation

weremeasuredatthefourstationsshownin
wasdeterminedfromstaticandtotal-pressure

,
(
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measurementsmadeat stationI froma calibrationchartpreparedby
placinga venturimeterin serieswiththelargetransitionsection.
Theflowpatternoftheairenteringthecascadewasmeasuredat st&
tionII. At thisstation,whichisl% inchesupstreamofthenearest

cascadeairfoil,fourfixedtotal-pressurerakeswereinstalledinthe
cornersandfouradjustablepitot-staticsurveytubesweremountedin
thecenterof eachof thefoursides.Eightstaticorifices,twoon
eachwall,wereusedtomeasurethewdl staticpressureatthisstation.

Thetistrumentationat stationIII,whichwas1~ inchesdownstreamof

thenearestairfoil,wasthesameasat stationII. Onlythestatic
pressurewasmeasuredat stationIV.

ExpertientalProcedure

Fora givenboundary-layerscreenandfencesetting,flowsurveys
weremadeat stationsI andIIovera rangeofmassflows.Therakes
werethenmovedto stationIIIanda completesetof datawastakenat
stationsI,III,andIV.
boundary-layertests.

Thessmeprocedu~wasusedfortheotherMLet-

RESTJLTSI+NDDISCUSSION

VelocityDistribution

Inthisinvestigation,in whichairflowedthrougha 90°bend
withdiffusion,theboundarylayerwasexpectedtobe a dominantfactor.
Accordingly,detailedpressuresurveysweremadesheadof andb~hindthe
cascadeofairfoils.

Met flow.- Figure8 presentsa pictorialrepresentationofthe
inlet-velocitydistributionfora tlxlnanda thickinlet-boundary-layer
configuration.Sincetheflowwassymmetrical,theflowforonlyone
quadrantwaspresented.Forthesameboundaqy-layerfenceandscreen
setting,no changeintheflowpatternwasobservedwitha variationof
mass--flow.

Theimletboundarylayerswerequiteuniformandno velocityirreg-
ularitiesswereobserved.Theboundary-layerparametersdescribingthe
inletflowsarelistedintableII. Forpurposesof comparison,the

I

inletboundarylayerforfullydeveloped%mfient pipe;1OWis-ofinterest. ~
Theone-seventh-powervelocitydistributionforturbulentpipeflowgives
a two-dimensionalshapeparameterof1.29anda two-dimensionalnmmentum
thitiess 19of0.92inchfora 19-inch-diameterpipe. Thedataof

,
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tableII showthatconfiguration5hasa moreadverseinletboundary-
layerconditionthanthatforfullydevelopedturbulentpipeflow.

TableII showsthatthebounda~-layershapeparameterincreased
withincreasingboundary-layerthickness.Thiscombinationofincreasing
thicknessandshapeparameters,bothofwhichshouldhaveanadverse
effectonperformance,wasimposedin orderto getboundarylayers
similartothoseobtaineddownstreamofa symmetricalrectangular
diffuser.

ExLtflow.-Figure9 givesa pictorialrepresentationoftheexit
velocitydistributionforthesameflowconditionsas figure8 andwas
constructedinthesamemanner.Sincetheflowwassymmetricalabout
thehorizontalcenterline,onlythetophalfoftheflowpatternwas
presented.

A veryslowrandomvariationoftheefitvelocityprofilewas
observedduringthetests.Thevelocityincreasedin oneregionand
decreasedinanother.Theprofilesshownaretheaveragesofthedata
obtained.Themaximumvariation,dueto unsteadyflow,amountedto “
about35percentofthemeanloqalvalue.Thisphenomenonwasmore
noticeableforthethickerinletboundarylayersandis similartothe
phen~na obse~edinwideanglediffusers.It isprobablyduetoan
alternatingorintermittentseparationor flow-reversalcondition.

Figure9 showsthat,evenfora relativelythininletboundary
layer(configumtion2),thevelocityis lessattheinsidecornerthan
at theoutsidecorner.Thisphenomenonisassociatedwiththeflowof
theboundarylayerfromtheotherwallsintotheinsidecornerandsepa-
rationneartheinsidecorner.Theflowconditionsmighthavebeen
betterifthespacingbetweentheinsidecornerandthefirstairfoil
hadbeenreducedto bringabouta reductioninthepressuregradienton
theinsidewall.

Theexitboundary-layerparametersarelistedintableII. No two-
dimensionalboundary-layerparametersarepresented,sincethelackof
symetrywouldrequirefartoomanyvalues.tocovertheflowpicture.‘

Performance

Inasmuchas theshapeandthicknessoftheinletboundarylayer
stronglyaffectstheinletandexitvelocitydistributions,thesecondi-
tionscanalsobe expectedto affecttheperformanceofthiscascade
bend.

Thevariation.oftheperformanceparameterswithinletthree-
dimensionalmomentumarea @ is showninfigure10fora meaninlet

-—. . . . .—.. ..— . .. . ---- —.- .---—. . .. . . -- .—.-— ——. . --—.. -—. —- —.—- . --- .— — - .
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Machnumberof0.30(mass-flowconstant*1Opercent).Thethree-
ctbnensionalmomentumareawasusedbecauseittakesintoaccountthe
vsriationofboundary-layershapeandthictiessaroundtheperimeter
oftheduct. It shouldbe rememberedthattheinletboundarylayers

-1
aremeasuredat a stationthatisl% inchesaheadofthemesrestair-

foil. Thethinnerbound~ layerschangeappreciablyinthisdistance.
Forexample,thethinnesttwo-dhensionslboundarylayermeasuredon
thewallwillthickenby a factorofalmut2.5beforereachingthecenter
blade.

Sincetheinletandetitdataweretakenduringdifferenttests,
theuseoffairedcurveswasnecessaryin orderto getcorresponding
inletandexl.tdata.As a result,datapointscouldnotbe shownon
theperformancecurves.

Theslowrandomvariationin flowpatternpreviouslydiscussed ,
isevidentinthedataoffigure10. Themcdmumandminimumvalues
obtainedforeachparameterareshowninfigure10. Theconfigurations
forwMch datawereobtainedareshownbyverticaldashlines.Unless
otherwisestated,alltheparametersdiscussedareaveragevalues. I

Total-pressure-losscoefficient.-Thetotal-pressure-losscoef-
ficientisa measureoftheamountofavailableenergywhichisdissi- (
patedinfriction,separation,andshilarlosses.It isdefinedas .

thelossintotalpressuredividedby theentering@act pressure.

Thedatainfigure10 showthatthetotal-p~ssure-losscoefficient
,.

increasedfroma valueofO.11atan inlet~ of 2 to a valueof0.24
atan inlet~ of~. Thislargeincreaseinlosscoefficientwith
increasinginletmomentumareashowsthattheboundary-layereffects
havea largeadverseinfluenceontheperformanceofthecascadediffusing
bend,ashadbeenanticipated.k thelightofthisim?ormation,muchI
betterperformancewouldbe expectedina cascadediffusingbendinwhich
theboundary-layereffectswerecompletelyeliminated.

Inorderto determinethemagnitudeoftheimprovementinperform- )
antethatcouldbe obtainedwithboundary-layercorkrol,theperform-
anceofthediffusingbendwascomparedwiththeperformanceof a I
similarcascadetestedintheLangley5-inchcascadetunnel,wherethe I
boundary-layereffectsarereducedto a negligiblevslueby theuseof I

. I
I
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boundary-layer-controlslotsandporouswalls.A comparisonofthetwo
cascadesisgiveninthefollowingtable:

Porous-wall Diffusing-bend
cascade configuration1

Thicknessdistribution NACA65-series Circular-arcsurfaces
Meanline Circulararc Circulararc
Turningangle,design ~.o 90.0
Turningangle,measured 79.8 ----
Arearatio 1.40 ~ 1.45
solidity 2.10
Reynoldsnumber 501,000 400,000:;0950,000
Total-pressure-loss
coefficient o.02g - Oo11

Theresultsofthesetestsshowthatthe‘total-pressure-loss
coefficientobtainedfromtheporous-wallcascade-tunneltestswas
onlyaboutone-fourthofthevalueobtainedforthecascadediffusing
bendwiththethinnestbounda~layertivesti@ted..Thislargedif-
ferenceinlosscoefficientis obtainedeventhoughthepressuregradi-
entmeasuredintheporous-wallcascadewasnotradicallydifferent
fromthatofthecalculatedpressuregradientfor.thecascadeusedin
thediffusingbeti,(fig.11). (Forhighsoliditycascades,reference3
showsgoalagreementbetweenthecalculatedandexperimentalpressure
distributions.)Thisdifferenceinloss,coefficientwouldseemto indi-
catethat,fortheconfigurationinvestigated,thetotal-pressurelosses
dueto airfoilbounda~layerareonlya smallpartofthetotallosses
andthattheductboundary-layereffectsarepredominant.Itwouldseai
likely,therefore,thata largeimprovementinperformancecouldbe
obtainedthroughtheuseofboundary-layercontrol.

, Diffusionfactor.-Thediffusionfactorisdefinedastheratioof
theactualdropin impactpressurebetweenthestationsunderconsider-
ationtothetheoreticaldropcalcula&dfromthemeaninletconditions
andthephysicalarearatioforan assumeduniformvelocitydistribu-
tionattheexit.Figure10 showsthevariationofthisparameterwith
theinletthree-dimensionalmomentumareafora meaninletMachnum-
ber0.30. ,

Thediffusionfactorvariesfroma valueof0.95at ~ equalto 2
toa valueof0.56at @ -equalto n.

, Diffusereffectiveness.-Thediffusereffectivenessisdefinedas
theratioof-theact~l staticpressurerisebe?meenthestatimsunder
considerationtothe theoreticalidealpressurerisecalculatedfromthe.

—.—----------- -.. .-. .—. . . ——=.—=—. -— .- .. ..- . —.... A. . . . . -—- . . ..- .-— - -- ---
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meaninletconditionsandthephysicalarea=tio fora uniformvelocity
distributionat theexit.

Figure10 showsthevariationofdiffusereffectivenesswithinlet
three-dimensionalmomentumdisplacementarea.Thispammter varies
fromavalueofO.74at an inlet@ of 2toavalue ofO.19at a ~
of n.

Fortheporous-wallcascade-tunneltestspreviouslydescribed,a
diffusereffectivtiessof0.925wasobtained.Thisvalueofthedif-
fusereffectivenessismuchlargerthanthevalueof0.742obtainedfor
thecascadediffusingbendwiththethinnestboundarylayerinvesti-
gated.Thislargedifferenceindiffusereffectivenesswouldseemto
indicatethatthewallboundary-layereffectsarepredominant,a con-
clusionarrivedat inthediscussionof.thetotal-pressure-loss
coefficient.

A comparisonisgivenin figure12 ofthediffusereffectiveness
obtainedif stationsIIIandIVareindependentlyconsideredtheexit
ofthediffusingbend. Thedifferencebetweenthetwocurvesisthe
staticpressureriseinthedownstreamduct. It canbe seenthatthis‘
pressureriseincreaseswithincreasinginletboundarylayer.Forthe
thinnestinlet-boundary-layertests,however,thestaticpressureat
theendofthedownstreamductwaslessthanthestaticpressureatthe
exitofthecascade.Forthethickestinlet-bounda~-layertests,this
pressureriseamountedtoabout@ percentoftheover-allstaticpres-
surerise. It shouldbenoted,therefore,thata pressureriseCm be
obtatieddownstreamofthecascade.Inthisinvestigation,stationIII
waslocatedjustfarenoughdownstreamoftheairfoilsto avoidthe

‘separatedzoneandthediscretewakesfromtheairfoils.

Inthethickboundary-layerrangetheexit-velocityprofileis
highlycurved.(Forexample,seefig.9(b).) Whentheadversepressure
gradientis small,highlycurvedprofilestendto revertto theflatter
profilecharacteristicoffullydevelopedturbulentpipeflow.Forthe.
sam maSS flowandmeantotalpressureytieflatterprofilerequiresa
lowermeandynamicpressureand,therefore,a higherstaticpressure.
Thepressureriseinthedownstreamductisdue,therefore,tothe ,
flatteningofvelocityprofile.Thedropin staticpressureforthe
thinnestMet boundarylayerwasduetothefrictionlossinthedown-(
streamduct.

\
MachnumberandairfoilReynoldsnumbereffects.-Figure13 shows

thevariationoftotal-pressure-losscoefficient,diffusionfactor,ad
diffusereffectivenesswithmeaninletMachnumberandReynoldsnumber
forthethinnestinlet-boundary-layerconditiontested.It canbe seen
thattheperformanceofthecascadeisadverselyaffectedby increasing

, meaninletMachnumberandReynoldsnumber.SincethemeaninletMach
I

—. .—— —. ——- ___—
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numbercouldnotbevariedwithoutchangingtheReynoldsnumber,th~
twophenomenacould~otbe studiedindependently.Withintherange
test-&d,
forthe

No

however,thiseffectisverys-. Thesameobservation-hold
otherboundary-layerthiclmesses.

GeneralConsiderations

correspondingdataforotherconfigurationscouldbe foundwith
whichtomakea quantitativecomparisonoftheperformanceof thecas-
cadediffusingbendinvestigated.Thefollowingdiscussionwhichholds
onlyforthethickinlet-boundan-layerrangeisbasedonthepipeflow
datagiveninreference5. No comparabledataforthininletboundary
layerscouldbe found.It shouldbe ke@ inmindthat,forthesame
boundsry-layerthickness,thehighshapefactorsusedinthisinvesti-
gationwouldtendto impairtheperformanceofthecascadebend.

Iftheperformanceofthecascadebendis comparedtoa wel.l-
designeddiffuserora well-designeddiffuserfollowedby a vanedbend,
thepressurerecoveryoftheconfigurationtestedislowandtheenergy
lossesarehigh. Forexample,fora circulardiffuserwithan area
ratioof1.45:1andtheoptimumexpansionanglefollowedby a 90°turn,
theestimatedtotal-pressure-losscoefficient(seereference5) isabout
0.09,which.isappreciablylessthanthevalueof0.24obtainedforthe
diffusingbend. Therefore,whenthetotal-pressurelossisveryimpor-
tantandspaceisavailable,thecascadediffusingbendisnotsuitable.

Whenspaceandcostconsiderationslimitthelengthofthecon-
figuration,thesituationis entirelydifferent.Thediffuser-bend
combinationmentionedpreviously,forthessmesizeinlet,wouldbe
about65incheslong,whereastheminimumlengthofthecascade
diffusingbendis only”about30inches.Foran arearatioof 2:1,the
lengthofthediffuser-b@dcombinationincreasesto about125inches,
whereasthelengthofthediffusingbendincreasesto onlyabout
~ inches.Itis interestingtonotethatthecascadediffusingbeud ~
investigatedhadaboutthesametotal-pressure-losscoefficientasa
vanedbendwithoutanydiffusion(reference5).Thisresultseemsto
indicatethat,whenthe
amountofdiffusioncan
total-pressurelosses.

ductconfigurationrequiresa bend,a certain
be obtainedwithoutanappreciableriseinthe

SUMMARYOFRESULTS

An experimentalinvesti~tionofa right-angledcascadedif-
fusingbendofarearatio1.45:1anda squareinletwasconductedin

.. ..__ - . . .-— --- ------ ---- —---. . ..—...- -------- -—-. —-— .—--- ------ ------ - - - -
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ordertodeterminetheeffectonperfomnmceof concurrentlyincreasing
theboundary-layerthichessandtheshapeparameter.Theresults
obtaindaresummarizedas follows:

1.Forthethickinlet.boundau-layerruns:.

(a)Thetotal-pressurelossesofthediffusingbendareabout
equalto thelossesofa vaned90°bend“Withno diffusion.

(b)Themeasuredlossesofthediffusingbendarelargerthan
thoseestimatedfora circulardiffuserofoptimumexpansionangle
witha variedbenddownstream,butthediffusingbendismuch
shorter.

2.At a meanMet Machnumberof0.30,thediffusereffectiveness
variedfromabout0.74forthetestswiththethinnestinletboundary
layertoabout0.19forthetestswiththickestinletboundarylayer;
Thetotal-pressure-losscoefficientforthetestswiththethinnest
inletboundarylayerwasaboutO.11.andincreasedto about0.24forthe
thickestinletboundarylayers.

3. Theresultsindicatethatthea’irfoilprofilelossesareonlya
smallpartofthetotallossesandthattheboundary-layereffectsare
predominant.Itwouldseem-likely,therefore,thata largeimprovement
inperformancecouldbe obtainedthroughtheuseofboundary-layer
control.

4. InvestigationoftheeffectofinletMachnumbershuwsthatthe
performanceofthecascadeisadverselyaffectedby an increaseinthe
meaninletMachnumberandReynoldsnumber.Withintherangetested,
however,thiseffectis sml-1-.-

5.Exceptwhentheinletboundarylayerwasverythin,thestatic
pressureat theetitoftheconstant-areaductdownstreamofthebend
washigherthanata stationimmediatelydownstreamofthecascadeof
airfoils..Thisincreasewasduetotheflatteningofthevelocitypro-
fileas theairfluweddowntheduct.

Langley’AeronauticalLaboratory
NationalAdvisoryCommitteefor’Aeronautics

LangleyField,Vs.,December13,1951
,
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.
TABLEI

BOUNDARY-LAYERSCREENANDFENCEDATA

Screens
Fence

Configuration projection5-footduct Meah Wire Hole
(in.) size

‘r ‘iCh ?h?i fin.)

1 0 Removed ------- ----- -------
2 0 b ------- ----- -------

0 In 16X 16 0.01015x 15
: 1 In 40X40 .Ow 16X 16

16X 16 .010 10x 10
5 2. In 80X 80 .006 13x 13

16X 16 .010 7x7

,

.,

.

— —— .——. ._ — -.. -.. — —-. —.—-—
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TJIHXTI

BOUNDARY-IAYERPMMMHWRS

15

\

Configuration 1 2 3 4 5

Inletdata

Two-dimensionalat
centerofwall

5*
e
H
6

Two-dimensionalincornersl
5*
e
H
5

Threedimensional
A*

fi
E

0.033
.027

1.22
.23.

0.’123
.0!39

1.42
.55

2.48
2.07
1.22

I

0.17
.14
1.22
1.21

0.45
.33
1.38
2.28

13.6
10.3
-1.32.-

0.40
.30
1.34
2.28

1.06
.67
1.58
3.67

30.7
22.7
1.35

Three-dimensional.exitdata

1.34
.92
1.45
5.38

4.05
1.66
2.44
8.45

104.7
57.9
1.81

I

H
.

25.0
22.6
-1.11.

68.h
47.7
1.44

1.15.4242.3
66.3 97.0
i.73 2.50

2.12
1.27
1.67
6.63

5.30
1.87
2.84
10.67

148.8
~.1
2.09

282.7
104.8
2.70

‘Measuredina planelocatedattheintersectionofthetwowalls
andformingan angleof45°witheitherwall.

-
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Figure7.. Boundary-layerscreensandfencesettingforthethickest
Met boundarylayer(configuration5).
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(b) Thickestinletboundarylayer(configuration5).

Figure9.- Concluded. .
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